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(54) A method of queue length based burst management in wireless communication systems 



(57) A method to dynamically assign data rates, for 
digital data transmission in wireless communication 
systems, which are just sufficient to meet the needs of 
the use is presented. The method monitors the data 
traffic and anticipates when the assigned data rate is 
inadequate to support the data traffic resulting in a loss 
of data or when the assigned data rate is more than 
necessary to support the data traffic and results in inef- 
ficient usage of system resources. 
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Description 

Field Of The Invention 

[0001] This invention relates to wireless communi- 
cation systems and, more particularly, to monitor and 
dynamically assign signal data rates for data services in 
such systems. 

Background Of The Invention 

[0002] Wireless communication systems have been 
developed to allow transmission of information signals 
between an originating location and a destination loca- 
tion. Both analog (first generation) and digital (second 
generation) systems have been developed to transmit 
information signals over communication channels link- 
ing the source and destination locations. Digital meth- 
ods tend to afford several advantages over analog 
systems. For example, improved immunity to channel 
noise and interference, increased capacity, and encryp- 
tion for secure communications are advantages of dig- 
ital systems over analog systems. 
[0003] While first generation systems were prima- 
rily directed to voice communication, second generation 
systems support both voice and data applications. 
Numerous techniques are known in second -generation 
systems for handling data transmissions which have dif- 
ferent transmission requirements. In particular, packet 
data transmission typically involves relatively short 
transmission duration whereas voice transmission is of 
a longer duration and requires continuous access to the 
communication channel. Several modulation/coding 
arrangements have been developed, such as frequency 
division multiple access (FDMA), time division multiple 
access (TDMA) and code division multiple access 
(CDMA), to increase the number of users that can 
access a wireless network. CDMA systems are more 
immune to multiple path distortion and co-channel inter- 
ference than FDMA and TDMA systems and reduce the 
burden of frequency/channel planning that is common 
with FDMA and TDMA systems. 

[0004] In a CDMA system, a unique binary code 
sequence is assigned to each active user within a cell to 
uniquely identify the user and spread the user's signal 
over a larger bandwidth. Multiplied by the assigned 
code, the user's signal is spread over the entire channel 
bandwidth, which is wider than the user's signal band- 
width. The ratio of the system channel bandwidth to the 
user's bandwidth is the "spreading gain" of the system. 
The capacity of the CDMA system is proportional to the 
"spreading gain" for a given signal-to-interference (S/l) 
level. After reception of the transmitted signal, the signal 
of each user is separated, or de-spread, from the signal 
of other users by using a correlator keyed to the code 
sequence of the desired signal. 

[0005] First-generation analog and second -genera- 
tion digital systems were designed to support voice 



communication with limited data communication capa- 
bilities. Third-generation wireless systems, using wide- 
band multiple access technologies such as CDMA, are 
expected to effectively handle a large variety of serv- 

5 ices, such as voice, video, data and imaging. Among the 
features which will be supported by third-generation 
systems is the transmission of high-speed data 
between a mobile terminal and a land-line network As is 
known, high-speed data communications is often char- 

10 acterized by a short transmission "burst" at a high data 
transmission rate, followed by some longer period of lit- 
tle or no transmission activity from the data source. To 
accommodate the bursty nature of such high-speed 
data services in third-generation systems, it is neces- 

75 sary for the communications system to assign a large 
bandwidth segment (corresponding to the high data 
rate) for the duration of the data burst from time to time. 
With the ability of the third generation systems to handle 
such bursty high-speed data transmission, throughput 

20 and delay for users can be advantageously improved. 
However, because of the large amount of instantaneous 
bandwidth required for transmission of a burst of high- 
speed data, the management of such bursts, and partic- 
ularly the allocation of power and system resources 

25 thereto, must be handled with care to avoid unwarranted 
interference with other services using the same fre- 
quency allocation. 

[0006] In a wireless system accommodating the 
transmission of large blocks of data, the highest data 

30 rates would naturally be assigned to a bulk transmission 
user. As doubling the data rate would require only one- 
half the time to complete the transmission, assigning 
the highest data rate to such a user would minimize the 
time to transmit the user's data. However, as the 

35 number of users increases, and the information to be 
transmitted progresses from voice toward multimedia 
(real time video, and voice), the demands on the 
resources of the base station also increase. To insure 
that sufficient capacity exists to provide acceptable lev- 

40 els of service to the full user community, the communi- 
cation systems must be capable of dynamically 
assigning system resources in an efficient and cost 
effective manner U.S. Patent 5,857,147. entitled, 
"Method and Apparatus for Determining the Transmis- — 1 

45 sion Data Rate in a Multi-User Communication System," 
to Gardner, et a/., teaches of adjusting the data rates of 
a class of users in a muti-user signal environment such 
that the acceptable overall signal quality is maintained 
for the class of users. 

so [0007] As new users request entry onto the wireless 
network, a communication system base station must 
determine the resources necessary to accommodate 
the needs of the user and must allocate these resources 
to the user. Should sufficient resources be unavailable 

55 to accommodate the user, the base station must delay 
establishing a connection with the user and the user 
must wait until sufficient resources become available. 
[0008] Among the resources the base station must 
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allocate in establishing a communication link to a user 
are output power and data rate. Output power and data 
rate are proportionally related -the output power neces- 
sary to establish or maintain a link with a user increas- 
ing as the data rate increases. This increase in output 
power with increasing data rate is required to maintain 
the output energy per bit at a constant level. As base 
stations have limited output power resources, a base 
station must balance the transmission needs of its 
users, individually and collectively, against the base sta- 
tion's own output power limitations. 
[0009] Thus, upon a request for entry to the wire- 
less network by a user, the base station must evaluate 
the user's data rate and power demands against the 
current user environment and power demands. As the 
user environment approaches the total system capacity, 
the base station must delay the entry erf a user onto the 
system to prevent overloading the output power capabil- 
ity of the base station. For example, a base station 
processing multiple users, each requiring high data 
rates, may be incapable of honoring a request for 
access by an additional low rate data user, because the 
base station lacks the power to meet the requirements 
of the additional low rate data user. This power defi- 
ciency may not be caused by the number of users in the 
system but rather by an excessive expenditure of power 
related to an inefficient allocation of data rates to the 
users. Assigning users with data rates significantly 
above that which is necessary to meet the users' imme- 
diate needs, wastes system resources, reduces the 
number of user capable of having concurrent access to 
the system, and increases the delay a user experiences 
in accessing the network. Thus, there is a need to effi- 
ciently manage and utilize the base station resources in 
order to provide users with a minimum data rate, and 
corresponding reduced power, that is just sufficient to 
meet their transmission needs. 

Summary Of The Invention 

[001 0] It is an object of the invention to assign trans- 
mission data rates for a wireless system in an efficient 
manner by dynamic determination of the user's trans- 
mission needs during an active data session. It is a fur- 
ther object of the invention to dynamically adjust the 
transmission data rates by monitoring the transmission 
data buffers during an active data session. It is a further 
object of the invention to dynamically adjust and main- 
tain assigned transmission data rates at a minimum 
necessary to fulfill the needs of the users. 
[0011] The invention employs a fixed rate, low 
speed channel, which may be a control or signalling 
channel, to transmit user data up to the data rate of the 
channel and further operates to determine when a 
higher speed data link must be employed to meet the 
user's transmission requirements. In carrying out this 
function, the invention monitors the quantity of data 
within the transmit and receive data buffers during an 
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active data session. Each buffer is monitored separately 
from the other and, also, separately for each active user 
served by that base station. When the quantity of data in 
the transmit or receive buffer exceeds predetermined 
threshold values, a higher speed data rate is estab- 
lished, using a supplemental data channel, to enable 
the base station to maintain the data buffers within pre- 
scribed threshold levels Similarly, should the level of 
data in the data buffers fall below desired threshold lev- 
els, indicating the offered data rate is higher than is nec- 
essary for the user, a lower speed data rate is 
employed. Thus, each user is assigned the minimum 
data rate necessary to transmit data between the base 
station and the user at the remote site. 

BRIEF DESC RIPTION OF THE FIGURES 

[0012] 

Figure 1 illustrates a typical structure of a wireless 
communication system in which the methodology of 
the invention would be employed. 

Figure 2 illustrates the format of the forward chan- 
nel in a wireless system in which the invention 
would be employed. 

Figure 3 illustrates a flowchart representing an 
embodiment of the invention. 

Detailed Description Of The invention 

[0013] The focus of early wireless systems, particu- 
larly first generation analog systems, was primarily 
voice communication. With second generation wireless 
systems, including CDMA, TDMA and GSM, came var- 
ying degrees of improvement in terms of voice quality, 
network capacity and enhanced services. However, 
while second generation systems are suitable to the 
provision of voice, low rate data, fax and messaging, 
they are generally not able to effectively and efficiently 
address requirements for high speed mobile data rates. 
The evolution to third generation wireless communica- 
tions represents, essentially, a paradigm shift to #ie=*-* 
world of multimedia mobile communications, where 
users will have access not just to voice services but also 
to video, image, text, graphic and data communications. 
The third generation networks are expected to provide 
mobile users with data rates of between 144 Kbps and 
2 Mbps. 

[0014] Nonetheless, in wireless networks support- 
ing these higher speed data communications applica- 
tions, bandwidth and power control must be managed 
very carefully to avoid service denial due to improper 
allocation of bandwidth and power among such applica- 
tions. As will be shown hereafter, the invention provides 
a novel methodology for improving power and band- 
width management in respect to such higher speed data 
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applications, thereby providing improved operating effi- 
ciency and a reduced probability of service denial. 
Although the invention will be hereafter described in 
terms of a preferred embocfiment based on CDMA 
encoding of the wireless signals, it should be apparent 
that the methodology of the invention can also be 
applied for other wireless channelization arrangements, 
including TDM A and GSM. 

[0015] Rgure 1 illustrates typical wireless commu- 
nications system configuration containing a Mobile 
Switch Center (MSG) 100, a plurality of Base Station 
Controllers (BSC) 102, a plurality of Base Transceiver 
Stations (BTS) 104 and multiple remote users, each 
operating a Mobile Station (MS) 106. In addition to pro* 
viding management and control functions for sub-ele- 
ments of the wireless network, the MSC 100 also 
provides an interface between the wireless network and 
the wireline network, PSTN, 110 or another wireless 
network, MSC, 120. The BSC 102 provides control and 
management functions for one or more BTSs 104. The 
BTS 1 04 consists of a set of, usually remotely tunable, 
transceivers placed at the wireless site, and is the termi- 
nation point of the radio path on the network side. As 
illustrated in Rgure 1, each BTS 104 typically repre- 
sents one cell 1 08 in the wireless network and is in radio 
communication with the remote users within the cell. 
The cell size can vary in the network depending on the 
user density expected in each cell. In densely populated 
regions, cells with an effective area of coverage in the 
order of hundreds of feet can be established, while in 
less populated regions, cell sizes can be significantly 
larger. This cell size also determines the power capabil- 
ities of the BTS 104 as larger cells require greater out- 
put power than smaller cells. 

[0016] Mobile Stations, 106 such as cellular tele- 
phones, computer terminals or fax machines, terminate 
the radio path from the BTS 104 and provide access to 
the network services for the served users. The two way 
radio link between the BTS 104 and the MS 106 is, by 
convention, designated as the forward channel when- 
ever the BTS 104 transmits to the mobile stations 106 
and as the reverse channel whenever the MS 1 06 trans- 
mits to the BTS 104. 
- [0017] Rgure 2 illustrates the CDMA forward chan- 
nel multiplexing arrangement as established by the cur- 
rent version of the TlA/ElA/IS-2000.2 standard. A Pilot 
Channel (PCH) is indicated at 201 and operates to con- 
tinuously transmit an unmodulated signal in a CDMA 
system. A PCH provides a phase reference for coherent 
modulation and a means for signal strength compari- 
sons between BTS(s). A Dedicated Control Channel 
(DCCH) is indicated at 202 and used for the transmis- 
sion of digital control information (including power con- 
trol information) from a BTS to an MS. A Fundamental 
Channel (FCH) is shown at 203 that carries a combina- 
tion of higher-level data and power control information. 
A Supplemental Channel (SCH) is indicated at 204 and 
will operate in conjunction with a DCCH and/or an FCH 



to provide higher data rate services (or burst data trans- 
fer) where higher-level data are transmitted. 
[0018] Thus, the forward traffic channel, using this 
channel configuration, is adaptable to carry both voice 

5 and data traffic, even though voice and data have signif- 
icantly different transmission requirements. Voice trans- 
mission, which is continuous and of relative long 
duration requires that there be no interruption of the 
transmission once transmission begins. Interruption in 

10 transmission renders the received data unacceptable to 
the receiver, since the reception, which is processed 
and evaluated as the data enters the receiver (i.e.. real- 
time processing), is fragmented and disjoint 
[0019] Highly accurate vocal transmission can be 

15 achieved by converting the vocal fluctuations, into digital 
form, and transmitting the digitized voice pattern at 64 
Kilobits per second (64Kbps). Digitalization at higher 
rates than 64Kbps have been found to provide no far- 
ther improvement in the reconstructed voice pattern. 

20 Thus, the transmission rate for voice would not typically 
exceed 64Kbps. Generally, transmission in the order of 
8Kbps provides acceptable voice performance and 
quality. 

[0020] Data traffic, on the other hand, is typically 

25 manifested as a sequence of pulses which can be 
divided into, and transmitted in. packets, and the pack- 
ets collected and reformatted at the receiver. Packets 
can be, and typically are. received out of sequence and 
any error or packet loss is compensated by the receiver 

30 in requesting retransmission of the error or dropped 
packet. Thus, data traffic does not impose upon the sys- 
tem, the necessity of uninterrupted transmission. Data 
traffic is farther distinguished from voice transmissions 
as data traffic is communicated at significantly different 

35 data rates depending on the source and the transmis- 
sion needs. For example, facsimile transmission, E- 
maii, and textual data can employ relatively low speed 
data rates -on the order of 9.6Kbps. as the quantity of 
data involved can typically be transmitted in a reasona- 

40 ble time interval at the low data rate. However, graphics, 
such as images, or video transmissions require sub- 
stantially higher data rates, to reduce to acceptable lev- 
els the time necessary to transmit the large quantity of 
digital data contained within the graphics or video 

45 images. 

[0021] The method of the invention, considers the 
users* varying data transmission requirements and allo- 
cates the minimum data rate, and correspondingly the 
lowest output power, to meet the users' transmission 

so needs. In accordance with the invention, when a link 
between the MS 106 and the BTS 104 is first estab- 
lished, the BTS 104 uses the low speed control channel 
to initialize the forward channel and reverse channel 
parametric data. Each active user in the system is allo- 

55 cated a forward and reverse channel, both channels 
being uniquely identified by the assigned code in a 
CDMA wireless system. The Dedicated Control Chan- 
nel (DCCH) of the forward channel, as depicted in Fig- 
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ure 2, is used as the control channel. However this 
channel can also be used to carry low speed informa- 
tional data. 

[0022] According to the method of the invention, the 
BTS 104, initializes the active data session with the 
user, using the DCCH, which will carry both control and 
information data. In another embodiment of the inven- 
tion the BTS may assign the low speed Fundamental 
Channel for the informational data bits, while the DCCH 
is used for the control function. 

[0023] As informational data is being transferred 
between the BTS and MS. the BTS monitors the data 
transmit and data receive butlers allocated for each spe- 
cific user. The BTS gauges the input data rate supplying 
information to the transmit and receive buffers by meas- 
uring the quantity of data within each buffer and checks 
that the quantity of data remain within limits that are 
acceptable for both the transmission (forward channel) 
and the reception (reverse channel) of informational 
data. Should the transmission data rate be slower than 
the rate at which the user is supplying data to the BTS, 
the quantity of data within the buffer would increase 
above the acceptable limits. Without proper correction 
of this condition, the quantity of data would exceed the 
buffer size (overflow) and data would be lost. 
[0024] The method of the invention gauging that the 
input data rate is too fast anticipates the potential of the 
overflow condition and causes the BTS to adapt the 
communication link to a higher data rate. The higher 
data rate may be a higher rate on the DCCH or the Fun- 
damental Channel or one of the available rates of the 
Supplemental Channel. The Supplemental Channel of 
the forward channel, depicted in Figure 2, is capable of 
transmitting information data at rates in excess of 1 
Mbps. Similarly, if the transmission data rate is faster 
than the rate at which the user is supplying data to the 
BTS, the quantity of data within the buffer would 
decrease below the acceptable limits. In this condition, 
not only would the buffer eventually empty (underflow), 
but the higher data rate would cause the BTS to expend 
excessive output power to accommodate the high data 
rate. The invention, anticipating this underflow, would, in 
a manner similar to the response for when the data rate 
• being too slow, cause the BTS to employ a lower data 
rate either on the DCCH, the Fundamental Channel or 
the Supplement Channel, as warranted, to accommo- 
date the user's actual transmission requirements. 
[0025] Similar to the operation of the invention on 
the forward channel, the reverse channel is monitored 
for an excessive or insufficient data rate condition. Here, 
the BTS monitors its receive buffers and gauges the 
input data rate. Should the BTS outprocessing of the 
receive buffers be slower than the input data rate, and 
the buffers are filling faster than acceptable, the inven- 
tion would cause the BTS to signal the MS to slow the 
reverse channel data rate. Similarly, if the BTS out- 
processing of the receive buffer is faster than the input 
data rate, the BTS would signal the MS to increase the 



data rate. 

[0026] Referring now to Figure 3. a flowchart of one 
embodiment of the method of the invention is shown. A 
communication link is first established between a BTS 

5 (illustratively BTS 104 of Figure 1) and an MS (illustra- 
tively MS 106 of Figure 1) at block 300. This communi- 
cation link can be initiated either by the MS requesting 
access to the network, or the BTS signalling the MS that 
the user is requested to be on the network. After the 

10 communication link is established, the BTS will initially 
establish the data transmission stream using either the 
low speed DCCH or the Fundamental Channel. During 
the active data session, the BTS monitors the data rate 
on the forward channel and on the reverse channel at 

is block 305. The results of the monitoring function are 
then provided to a decision function at block 310. At 
block 31 0. the monitored forward link parametric values 
are compared to predetermined threshold values. 
Should the forward link monitor values be within the 

20 threshold values, the operation proceeds to reverse link 
processing at block 41 0. as the forward link is operating 
within acceptable limits and no adjustment is required of 
the forward link. Otherwise, the operation proceeds to 
block 320 as the forward link is not operating within 

25 acceptable limits and an adjustment of the data rate 
must be made. 

[0027] At block 320. a comparison of the actual 
data rate to the channel data rate is made. If the chan- 
nel data rate is too slow for the actual data rate, the 
30 operation proceeds to block 330 so that the channel 
data rate may be increased. Otherwise the operation 
proceeds to block 350 so that the channel data rate may 
be decreased. 

[0028] At block 330 an examination of the current 

35 status of the data link is performed to verify that the link 
is not already operating at maximum capability. Should 
the link be operating at maximum rate, the operation 
proceeds to block 410 as it is not possible to increase 
the rate on the forward link any further. However, should 

40 the channel be able to accommodate an increase in the 
data rate the operation proceeds to block 340. At block 
340. a higher data rate is selected and assigned, via the 
DCCH, the Fundamental or the Supplemental channel. 
Threshold levels commensurate with the higher data 

45 rate may be also assigned at this time. 

[0029] At block 350 an examination of the current 
status of the data link is performed to verify that the link 
is not already operating at minimum capability. Should 
the link be operating at a minimum rate, the operation 

so proceeds to block 410 as it is not possible to decrease 
the rate any further. However, should the link not be 
operating at the minimum rate and it is possible to fur- 
ther decrease the data rate, the operation proceeds to 
block 360. 

55 [0030] At block 360, a lower data rate is selected 
and assigned, via an appropriate channel, the DCCH, 
the Fundamental or Supplemental Channel. Threshold 
levels commensurate with the lower data rate can be 
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selected at this time. 

[0031 ] At block 41 0, the invention is operable on the 
reverse link in a manner similar to that which has been 
explained in connection with forward link. If the data rate 
of the reverse link is too slow, the BTS instructs the MS 5 
to increase the data rate. If the data rate of the reverse 
link is too high, the BTS instructs the MS to decrease 
the data rate. 

[0032] At the completion of the operation on the for- 
ward and reverse links, the operation proceeds to block io 
500 to cause the monitoring of the forward and reverse 
links to repeat for each active user in the network. 
[0033] In second embodiment of the invention, the 
MS can perform a monitoring function with respect to 
the volume of data waiting for transmission from the MS 75 
to the BTS. On the occurrence of an anticipated buffer 
overflow or underflow condition, an informational signal 
would be sent from the MS to the BTS, from which the 
BTS would effect an adjustment of the data rate in the 
reverse link. In this embodiment, the MS may be pro- 20 
vided with a threshold value, either a priori or dynami- 
cally, to be used by the MS buffer management function 
for determining when the underflow/overflow signal 
should be sent to the BTS. Similar to the forward link 
monitoring function, the threshold value would be com- 25 
mensurate with the data rate being used. 
[0034] Thus the invention provides a novel method 
for dynamically adjusting the bandwidth/power level 
allocated for a given data service to the actual data rate 
required by that source. 30 

CONCLUSION 

[0035] The invention provides a novel means of 
dynamically adapting the communication channel data 35 
rate to provide the user with the minimum data rate that 
is both necessary and sufficient to fulfill the needs of the 
user. By assigning such a minimum data rate, the base 
station is able to expend less output power to maintain 
the communication link with each user, and with less 40 
power expended per user, the capacity to add users 
increases. 

[0036] Numerous modifications and alternative 
embodiments of the invention will be apparent to those 
skilled in the an in view of the foregoing description. 45 
Accordingly, this description is to be construed as illus- 
trative only and is for the purpose of teaching those 
skilled in the art the best mode of carrying out the inven- 
tion and is not intended to illustrate all possible forms 
thereof. It is also understood that the words used are so 
words of description, rather that limitation, and that 
details of the structure may be varied substantially with- 
out departing from the invention and the exclusive use 
of all modifications which come within the scope of the 
appended claims is reserved. ss 



Claims 

1 . In a wireless communication system having a base 
station and at least one mobile station, said base 
station operative to establish a communications Knk 
with at least one mobile station, said communica- 
tion link having a plurality of channels and a plural- 
ity of data rate modes, a method for the selection of 
a data rate mode in said communications link for a 
given user comprising the steps of: 

a. gauging a rate of data transmission over said 
communications link for said given user based 
on a measure of data in a data buffer; 

b. for said given user, selecting said data rate 
from said plurality of data rate modes, said 
selected data rate being sufficient to support 
said gauged communications link data rate. 

2. The method as recited in Claim 1 , wherein steps a 
and b are iteratively repeated for said given user to 
dynamically adjust said at least one channel and 
said selected data rate based on changes in aid 
data buffer measure. 

3. The method as recited in Claim 1 , wherein steps a 
and b are iteratively repeated among substantially 
all of said mobile stations within said system. 

4. The method as recited in Claim 1, wherein said 
communications link includes a forward link, said 
forward link having a control channel and a traffic 
channel, said control channel being operative to 
transmit control commands and traffic data. 

5. The method as recited in Claim 4, wherein said for- 
ward link channel is chosen to have capacity suffi- 
cient to support said selected data rate. 

6. The method as recited in Claim 1, wherein said 
communications link includes a reverse link, said 
reverse link having a control channel and a traffic 
channel, said control channel being operative to 
transmit control commands and traffic data. 

7. The method as recited in Claim 1 wherein the com- 
munication links are established in respect to a 
code division multiple access CDMA) system. 

8. A method of adaptively allocating channel capacity 
in a wireless communication system, said wireless 
communication system being characterized by at 
least one base station and at least one mobile sta- 
tion, said mobile station being in communication 
with said base station through a communications 
link, the method comprising the steps of: 

a. initiating a data communications stream 
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between said at least one base station and one 
of said at least one mobile stations on a low- 
speed channel of said communications link; 

b. measuring a rate of data being received in a 
data buffer from a source of said data commu- s 
nications stream; 

c. selecting a data rate sufficient to support 
said measured rate of data from a plurality of 
data rates; and 

d. allocating said selected data rate to said io 
data communications stream. 

9. The method as recited in Claim 8, wherein steps a 
through d are iteratively repeated for said one of 
said at least one mobile stations, said selected data 15 
rate being thereby dynamically adjusted based on 
changes in said data buffer measure. 

10. The method as recited in Claim 8. wherein steps a 
through d are iteratively repeated among substan- 20 
tially all of said at least one mobile stations in said 
system. 

11. The method as recited in Claim 8. wherein said 
communications link includes a forward link, said 25 
forward link having a control channel and a traffic 
channel, said control channel being disposed as 
said low-speed channel and operative to transmit 
control commands and traffic data. 

30 

12. The method as recited in Claim 11, wherein said 
forward link channel is chosen to have capacity suf- 
ficient to support said selected data rate. 

13. The method as recited in Claim 8, wherein said 35 
communications link includes a reverse link, said 
reverse link having a control channel and a traffic 
channel, said control channel being disposed as 
said low-speed channel and operative to transmit 
control commands and traffic data. *o 

14. The method as recited in Claim 6 or Claim 13, 
wherein said reverse link channel is chosen to have 
capacity sufficient to support said selected data 
rate. 45 

15. The method as recited in Claim 1 or Claim 8, 
wherein said data buffer includes an input data 
buffer receiving data over said communication link. 

50 

16. The method as recited in Claim 15, wherein said 
measure of data in said input data buffer is deter- 
mined in respect to known threshold limits. 

17. The method as recited in Claim 16. wherein said 55 
threshold limits include a plurality of known thresh- 
old values commensurate with said plurality of data 
rate modes. 



18. The method as recited in Claim 1 or Claim 8, 
-wherein said data buffer includes an output data 

buffer receiving data over said communication link. 

19. The method as recited in Claim 18, wherein said 
measure of data in said output data buffer is deter- 
mined in respect to known threshold limits. 

20. The method as recited in Claim 19, wherein said 
threshold limits include a plurality of known thresh- 
old values commensurate with said plurality of data 
rate modes. 



7 



BNSDOCID: <EP 1043902A2J_> 



EP 1 043 902 A2 



FIG. 2 



FORWARD CDMA CHANNEL 




ASSIGNMENT. 
POWER. CONTROL. 
SYNC CHANNELS 



PILOT 
CHANNELS 



BROADCAST 





TRAFFIC 




PAGING 




CHANNELS 




CHANNELS 



PILOT 
CHANNEL 



V 

201 



AUX. PILOT. 
DIVERSITY PILOT 
CHANNELS 



DEDICATED 
CONTROL 
CHANNEL 
(OCCH) 

— 

202 



FUNDAMENTAL 
CHANNEL 
(FCH) 

^ 

203 



SUPPLEMENTAL 
CHANNELS 
(SCH) 

*\ 

204 




BNSDOCIO: <£P 1043902A2J_> 



9 



EP 1 043 902 A2 



FIG. 3 



MONITER LINK PARAMETERS 



PROCESS 
REVERSE LINK 



FORWARD LINK EITHER 
TOO SLOW OR TOO FAST 





< > 





NO 

\ ^340 


SELECT CHANNEL AND 
ADJUST DATA RATE 

UPWARD FOR 
FASTER DATA RATE 







BNSDOCID: <EP 1043902A2_I_> 



10 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

28.11.2001 Bulletin 2001/48 

(43) Date of publication A2: 

11.10.2000 Bulletin 2000/41 

(21) Application number: 00302534.3 

(22) Date of filing: 28.03.2000 



(id EP 1 043 902 A3 

EUROPEAN PATENT APPLICATION 

(51) mt ci7: H04Q 7/22, H04L 12/56 



(84) 


Designated Contracting States: 


• Patel, Tejaskumar 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Lake Hiawatha, New Jersey 07034 (US) 




MC NL PT SE 


• Kuo, Wen-Yi 




Designated Extension States: 


Parsippany, New Jersey 07054 (US) 




AL LT LV MK RO SI 








(74) Representative: 


(30) 


Priority: 08.04.1999 US 288368 


Watts, Christopher Malcolm Kelway, Dr. et al 


Lucent Technologies (UK) Ltd, 


(71) 


Applicant: LUCENT TECHNOLOGIES INC. 


5 Mornington Road 


Murray Hill, New Jersey 07974-0636 (US) 


Woodford Green Essex, IG8 0TU (GB) 


(72) 


Inventors: 




• 


Cloutier, Joseph E. 






Cedar Knolls, New Jersey 07927 (US) 





CO 

< 

CM 
O 

o> 

CO 

o 



(54) A method of queue length based burst management in wireless communication systems 



(57) A method to dynamically assign data rates, for 
digital data transmission in wireless communication sys- 
tems , which are just sufficient to meet the needs of the 
use is presented. The method monitors the data traffic 
and anticipates when the assigned data rate is inade- 
quate to support the data traffic resulting in a loss of data 
or when the assigned data rate is more than necessary 
to support the data traffic and results in inefficient usage 
of system resources. 



FIG. 3 




, mm data rah 

DOftttAflD FOR 
I SL0£B t*f* RATE 



SCtfCt 0u*£l AM) 
AEAKl OAIA HAtE 

FASIR QAfA RATE 



Q_ 

LU 



BNSOOCID: <EP 1 043902A3_I_> 



Printed by Jouve. 75001 PAFHS (FR) 



EP 1 043 902 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP OG 3G 2534 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ol document wilh indication, where appropriate. 
ol relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (tnt.CI.7) 



A 

X 



WO 98 59523 A (TANTIVY COMMUNICATIONS INC) 1-10, 

14-16, 
18,19 



30 December 1998 (1998-12-30) 
* the whole document * 



US 5 793 744 A (JOKINEN HARRI 
11 August 1998 (1998-08-11) 

* the whole document * 



ET AL) 



P.X 



WO 97 36437 A (ERICSSON 6E MOBILE INC) 
2 October 1997 (1997-10-02) 

* page 5, line 28 - line 35 * 

WO 99 63713 A (TANTIVY COMMUNICATIONS INC) 
9 December 1999 (1999-12-09) 

* the whole document * 



H04Q7/22 
H04L12/56 



17.20 

1-3. 

7-10, 

18-20 



4-6, 
11-14 



1-3, 

7-10, 

18-20 



TECHNICAL FIELDS 
SEARCHED (InuCl.T) 



H04Q 



The present search report nas been drawn up for all claims 





Plac«# oi sea;:* 


Cali ui cumpiviiuii ol search 


E> ami riff 




BERLIN 


4 October 2001 


Quaranta, L 



S j 

I" 
o 



CATEGORY (Jl- CITED E>CCUU&N73 

X . particularly relevant >l taken alone 

Y : particularly relevant J combined with another 

document of th« same category 
A : lecnnotog-caJ backgiounc 
C : non- written discosure 
P : intermediate document 



: tneory or principle underlying the invention 
: earlier patent document, but published on. or 

after the filing date 
: document cited in the application 

cocurrtenl cited for other reasons 



& : member ol the same patent famiy, correcponoing 
document 



f3NSDOCIO: <EP 1043902A3_I_> 



2 



EP 1 043 902 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 00 30 2534 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

04-10-2001 



Patent document 






Publication 


1 


Patent family 


[ Publication 


cited in search report 






date 




member(s) 


i date 


WO 98595?3 


A 

n 


30 


-12-1998 


us 


6081536 


A 


27-06-2000 










AU 


727495 


B2 


14-12-2000 










AU 


8259198 


A 


04-01-1999 










AU 


8259998 


A 


04-01-1999 










BR 


9810196 


A 


08-08-2000 










CN 


1264522 


T 


23-08-2000 










EP 


099G365 


A2 


05-04-2000 










EP 


0990354 


A2 


05-04-2000 










NO 


996273 


A 


17-02-2000 










WO 


9859523 


A2 


30-12-1998 










WO 


9859447 


A2 


30-12-1998 












6151332 


A 


21-11-2000 










us 


6222832 


Bl 


24-04-2001 










us 


2001002904 


Al 


07-06-2001 




A 


U 


-08-1998 


FI 


956087 A 


19-06-1997 










AU 


714170 


B2 


23-12-1999 










All 


1099497 


A 


1 4-07-1 QQ7 










CA 


2210861 


Al 


26-06-1997 










CN 


1176030 A 


11-03-1998 










EP 


0809901 


Al 


03-12-1997 










WO 


9723073 Al 


26-06-1997 










JP 


11501185 


T 


26-01-1999 










NO 


973765 A 


15-08-1997 










US 


6052385 A 


18-04-2000 


W0 9736437 


A 


02 


-10-1997 


US 


5915225 A 


22-06-1999 








AU 


725595 


B2 


12-10-2000 










AU 


2552097 


A 


17-10-1997 










CN 


1221540 A 


30-06-1999 










EP 


0890275 


Al 


13-01-1999 










WO 


9736437 


Al 


02-10-1997 


W0 9963713 


A 


09 


-12-1999 


AU 


4207299 A 


20-12-1999 








WO 


9963713 AT 


09-12-1999 










US 


2001021197 Al 


13-09-2001 



§3 For more details aoou: this annex see Official Journal of me European Patent Office. No. 12'82 



BNSDOCID: <EP 1043902A3_L> 



3 



